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Abstract: In the scenario with a multiplicity of sectors which independently break
supersymmetry, multiplicity of goldstini are predicted. We propose a new interpretation
of the electron recoil excess at 2-7 keV observed in the XENON1T experiment with very
long-lived goldstini DM elastically scattering off the electrons. The goldstini DM can be
boosted by the late-decay of the other nearly degenerate (long-lived) goldstini DM, with
their tiny mass difference being converted into kinetic energy of the lighter goldstini DM and
neutrinos. We show that viable parameter space can be found which can explain the excess
of electron recoil events around 2-3 keV recently reported by the XENON1T experiment.
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1 Introduction
Recently, the XENON1T experiment had observed an excess at 2-3 keV in their low energy
electron recoil data with an exposure of 0.65 ton-years [1]. There are 285 observed events
over an expected background of 232 ± 15 events within 1 − 7 keV. Although the beta de-
cay of background tritium can possibly contribute to such an excess, other explanations
are still necessary because the the background tritium content is not well understood. To
interpret such an excess other than possible tritium sources, three explanations are given
in the report, namely the solar axion, the neutrino magnetic momentum and light bosonic
dark matter(DM), respectively [1]. However, the preferred couplings for solar axion and
neutrino magnetic momentum have already been ruled out by constraints from astrophysics.
Regarding the potential importance of such an excess, it is instructive to seek other expla-
nations.
Many alternative ideas had been proposed to explain the XENON1T excess, includ-
ing the non-standard neutrino-electron interactions with light mediators [2–14], absorption
of axion or dark photon theories [15–37], the scattering of dark matter candidates with
electron [38–56], and the other mechansims [57–64]. We emphasize that explanations from
cosmic dark matter with their new features may shed new light on possible new physics
beyond the Standard Model(SM), including the low energy supersymmetry(SUSY).
TeV scale SUSY is one of the most promising candidates for new physics beyond the
SM. It can not only prevent the Higgs boson mass from acquiring dangerous quadratic
divergence corrections, but also realize successful gauge coupling unification and provide
viable DM candidates. The low energy SUSY spectrum is totally determined by the SUSY
breaking mechanism, which can predict the low energy parameters by very few UV inputs.
Depending on the way the SUSY breaking effects in the hidden sector communicate to the
visible sector, the SUSY breaking mechanisms can be classified into gravity mediation [65–
76], gauge mediation [77–83], anomaly mediation [84, 85] scenarios, etc.
In scenarios with a multiplicity of sectors which independently break supersymmetry,
multiplicity of goldstini will be predicted [86]. Effects of supergravity will induce a universal
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tree-level mass for the goldstini which is exactly twice the gravitino mass. Since the interac-
tion strength of goldstini to visible sector fields can be greatly enhanced in comparison with
the (goldstino component of) gravitino, it may cause various new collider or cosmological
effects [87]. We find that light goldstini dark matter from heavier goldstini decaying can
account for the reported XENON1T anomaly.
This paper is organized as follows. In Sec 2, we discuss the goldstini DM explanation
of the XENON1T excess. In Sec 3, numerical results of the fit to excess are given. Sec 4
contains our conclusions.
2 Very Long-lived Goldstini Dark Matter
In GMSB, the LSP gravitino can act as the DM candidate. The light gravitino mass is
predicted in GMSB by [88]
mG˜ '
F
k
√
3MPl
=
1
k
( √
F
100TeV
)2
2.4eV , (2.1)
with the model-dependent coefficient k < 1, and possibly k  1. Unlike the gravitino in
gravity mediation, in which the interactions of gravitino will be of gravitational strength,
the dominant gravitino interactions in GMSB come from its spin-1/2 component goldstino,
whose derivative couplings are suppressed by 1/F and typically more important than the
gravitational couplings suppressed by powers of 1/MP . The goldstino is the Goldstone
fermion from spontaneous SUSY breaking. Its coupling with other fields is determined by
the derivative coupling of goldstino to the supercurrent, much like the derivative coupling
of pions in spontaneous chiral symmetry breaking1.
With multiple sector SUSY breaking, SUSY in each sector will be spontaneously broken
at a typical scale Fi, yielding a corresponding goldstino. One linear combination of goldstini
will be eaten by the gravitino via the super-Higgs mechanism, the remaining goldstini fields
are still propagating degree of freedoms. In the case where one or more SUSY breaking
sectors have direct couplings to the SSM to mediate SUSY breaking, the MSSM fields will
actually couple more strongly to the goldstini than to the gravitino. The interactions of
the goldstini to MSSM chiral superfield (φ, ψ, Fφ) are given by [86]
Lint ⊃ 1
Feff
∑
i,a
m˜2iVia
ri
ζaψφ
† − i√
2Feff
∑
i,a
m˜′iVia
ri
ζaσ
µνλFµν . (2.2)
where Fi ≡ riFeff (
∑
i r
2
i = 1) and m˜
2
i (m˜
′
i) the contribution to soft scalar(gaugino) masses
by each sector, respectively. One can see clearly the couplings of the goldstini in the case
where there are only two SUSY breaking sectors with F1  F2. The couplings to the
1It is convenient to use the goldstino interactions in non-derivative form, which can be obtained in a given
linearly realized SUSY model. The derivative and non-derivative forms of goldstino coupling are expected
to give identical scattering amplitudes with a single external goldstino because the derivative coupling is
part of the nonlinearly realized SUSY effective lagrangian, which can be obtained from the corresponding
linearly realized SUSY model by field redefinition [89].
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uneaten goldstini is generically a factor of F1/F2 stronger than those to the gravitino for
m˜21 . m˜22 (m˜′1 . m˜′2). The couplings of chiral superfields to goldstini can be approximately
obtained from that of gravitino couplings by replacing Feff =
√
F 21 + F
2
2 ' F1 with F2.
Similarly, for hierarchical Fi, we can obtain approximately the low energy(below all m˜2i )
local interaction term involving two matter fermions and two goldstini from that of the
goldstino/gravitino [90]
Leff ⊃ − 1
F 22
(ζ˜σµ∂ν ζ˜)(f¯σν∂µf) +
α
4F 22
(ζ˜σµ∂ν f¯)(ζ˜σν∂µf) . (2.3)
after integrating out the heavy fields involving sfermions etc. Here α is a free parameter
that can reproduce the linear realization results with α = −4. We can calculate the low
energy e−ζ˜ → e−ζ˜ scattering amplitudes to be∑
spin
|M|2
e−ζ˜→e−ζ˜ (2.4)
=
1
F 42
{[
(m2e +m
2
ζ˜
− s) +mζ˜me
]2
s2 +
[
(m2e +m
2
ζ˜
− u) +mζ˜me
]2
u2 − 2m2
ζ˜
(t− 2m2e)su
}
,
with the Mandelstam variables s, t, u in the non-relativistic limit
t ≈ −2meT ,
s ≈ m2e +m2ζ˜ + 2me
(
mζ˜ +
1
2
mζ˜v
2
)
,
u = (mζ˜ −me)2 − 2me(
1
2
mζ˜v
2 − T ), (2.5)
and the special choice α = −4. The amplitudes for e−ζ˜ → e−G˜ and e−G˜→ e−G˜ will take
similar forms and be suppressed by additional F2/Feff and (F2/Feff )2 factors in contrast
to e−ζ˜ → e−ζ˜.
It is interesting to note that the goldstini, although have masses twice of the LSP
gravitino at tree level, can act as the DM candidate if the life-time of its decaying into
gravitino is longer than the age of the universe. The lifetime of the goldstini ζ˜, which can
later decay into gravitino G˜ and neutrino pairs, can be estimated to be [86]
τ−1
ζ˜→G˜νν¯ '
1
128pi3
m9
ζ˜
F 4eff
(
F1
F2
m˜22
m˜21 + m˜
2
2
)2
'
1022 sec( √F2
100 TeV
)4(
100 GeV
mζ˜
)7−1 .(2.6)
So it is easy to adjust the various SUSY breaking parameters so as that the lifetime of ζ˜ is
larger than 13.6Gyr and acts as a DM candidate. The ζ˜ DM can possibly scatter off the
XENON electrons to generate the observed events in XENON1T experiment.
We can define the non-relativistic DM-electron interaction cross section at momentum
transfer q2 = α2em2e ≈ 2meT and DM form factor F (q) [91]
σe =
µ2
ζ˜e
16pim2
ζ˜
m2e
|M(q)|2q2≈(αme)2 ,
|M(q)|2 = |M(q)|2q2≈(αme)2 |F (q)|2 , (2.7)
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with µζ˜e the reduced mass for e− ζ˜ system. So, the velocity averaged differential ionization
cross section for electrons are given by [92]
d
dT
〈σv〉 = σeme
4µ2
ζ˜e
∫
dv
f(v)
v
θ(v − vmin)
∫ q+
q−
qdq
α2m2e
K(q, T )|F (q)DM |2 , (2.8)
with
q± = mζ˜v ±
√
m2
ζ˜
v2 − 2mζ˜T . (2.9)
Here K(q, T ) is the atomic excitation factor and we take K ' 0.1 for electron recoil energy
T ∼ 2 keV. We assume a standard Maxwell-Boltzmann velocity distribution with a peak
velocity of v ' 0.1c in f(v).
The tree level masses of goldstini are twice of LSP gravitino, the thermal produced
gravitino DM abundance will overclose our universe for m3/2 > keV. In fact, if LSP
gravitinos are in thermal equilibrium at early times and freeze out at the temperature Tf ,
its relic density will be given by
Ω3/2h
2 =
mG˜
keV
[
100
g∗(Tf )
]
. (2.10)
We assume that some means of gravitino dilution will take place so as that the gravitino
dark matter will give negligible contributions to ΩDMh2.
To explain the XENON1T anomaly via DM, the DM needed to be boosted. There are
many possibilities to boost the goldstini DM. We note that the most natural approach is
to introduce multiple goldstini scenario(here we adopt two goldstini) so as that the long-
lived Goldstini DM can be generated from the decay of other goldstini. We assume that
the goldstini DM ζ˜ will be generated by the decaying of certain mother DM particle, for
example, the other very long-lived goldstini ζ˜ ′ from multiple sector SUSY breaking scenarios
which is slightly heavier than ζ˜. A tiny mass difference is already enough to boost ζ˜, for
example, to v = 0.1c. So most of the current DM component is the long-lived goldstini
(and its mother decaying DM particle ζ˜ ′).
Both goldstini have degenerate tree-level masses 2m3/2. Their masses can be split
slightly by different R-symmetry violating operators generated via higher loops. We can
choose proper mass mixing matrix Via so as that the heavier goldstini ζ˜ ′ has the ζ˜ ′−ψ− φ˜
couplings approximately proportional tom2
φ˜
/F3 while the lighter goldstini ζ˜ has the ζ˜−ψ−φ˜
couplings proportional to m2
φ˜
/F2. The effective Feff , which determines the goldstini and
gravitino masses, can be much heavier Feff =
√
F 21 + F
2
2 + F
2
3  F3  F2. Both goldstini
can decay into LSP gravitino via ζ˜i → G˜ψ¯ψ. However, the lighter goldstini ζ˜ can still be
stable by choosing proper Feff . Then the heavier goldstini can decay dominantly into the
lighter one because Feff  F3. The decay width of ζ˜ ′ → ζ˜ψ¯ψ can be estimated to be
Γζ˜′→ζ˜ψ¯ψ ≈
1
128pi3
m9
ζ˜′
F 22F
2
3
. (2.11)
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So the lifetime of ζ˜ ′ can be estimated to be
τζ˜′→ζ˜ψ¯ψ ≈ 1.337× 10−15 ·
( √
F2
1GeV
)4( √
F3
1GeV
)4(
0.5MeV
mζ
)9
s ≈ 4.0× 1017s . (2.12)
So in order for τζ˜′ to be 13.6 Gyr, we should have√
F2F3 ' (10 TeV)2 . (2.13)
The flux at the earth can be estimated to be [19]
dΦ
dE
=
dNG˜
dE
fζ˜′
4piτζ˜′mζ˜′
Jdecay , (2.14)
with fζ˜′ the fraction of dark matter being ζ˜
′, which can be chosen to be O(1) here. The
dominant contribution to the J-factor
Jdecay =
∫
ρDM(s)dsdΩ , (2.15)
comes from the Milky Way halo, which is about 1023GeV/cm2. So the maximal flux of
goldstini DM ζ˜ on Earth from ζ˜ ′ decaying can be estimated to be [19]
Φζ˜ ≈ 4× 106 cm−2s−1fζ˜′
(
4 MeV
mζ˜′
)(
4× 1017 s
τζ˜′
)
. (2.16)
As the mass of ζ˜ ′ is nearly degenerate with(slightly heavier than)ζ˜, we adopt mζ˜′ = mζ˜ for
simply in the flux estimation.
The differential event rate for the DM scattering with electrons in xenon is given by
dR
dT
= nT
Φζ˜
v
d〈σv〉
dT
. (2.17)
The accompanied total neutrino and anti-neutrino flux is given by Φν,ν¯ ' 2Φζ˜ . For
simply, we assume that equal amounts of νe, νµ, ντ are produced from the decaying of ζ˜ ′
with Φνi,ν¯i =
1
3Φν,ν¯ and the average kinetic energies for neutrinos are identical to that of
the light goldstini Eζ˜ ' mζ˜v2/2, which is of order 2keV. Light goldstini and neutrinos from
heavier goldstini decaying will stream freely after being produced from ζ˜ ′ decay.
The neutrino-electron scattering cross section at low energy is given by [93]
dσSMνe
dER
=
G2Fme
2pi
[
(gv + ga)
2 + (gv − ga)2
(
1− ER
Eν
)2
+ (g2a − g2v)
meER
E2ν
]
,
where GF is the Fermi constant, me is the electron mass, ER is the electron recoil energy
and Eν is the incoming neutrino energy. The gv and ga couplings depend on the neutrino
flavor. For electron neutrinos we have
gev = 2 sin
2 θW +
1
2
; gea = +
1
2
, (2.18)
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while for muon and tau neutrinos
gµ,τv = 2 sin
2 θW − 1
2
; gµ,τa = −
1
2
, (2.19)
where sin2 θW = 0.23 is the weak mixing angle. We neglect possible contributions from tiny
neutrino magnetic momentum because we do not refer to a enhanced magnetic momentum
explanations of the XENON1T excess in this paper. As expected, numerical results indicate
that neutrino fluxes from goldstini decay products will give negligibly small contributions
without enhanced magnetic momentum.
3 Numerical Results
In order to compare our results with the data reported by the XENON1T collaboration,
the resulting differential events rate should be smeared by a Gaussian distribution
dR
dTm
=
∫
dT
dR
dT
1√
2piσ
e−
(T−Tm)2
2σ2 α(T ), (3.1)
with variance [94]
σ = Tm
(
31.71√
Tm
+ 0.15
)
, (3.2)
and the total efficiency α(T ) presented in FIG.2 of [1]. Here Tm is the measured recoil
energy.
Then we build a likelihood,
L(si) =
29∏
i=1
(bi + si)
die−(bi+si)
di!
(3.3)
where si and bi are the binned signal and B0 the background predictions, di is the observed
counts. The background predictions and observed counts are took from FIG. 4 of [1], with
an exposure of 0.6473 tonne-years [35]. For the background only hypothesis, we obtain
χ2b = −2 lnL(si = 0) = 43.9.
We perform a random scan in the parameter space
F2 ∈ [108, 1011] keV2, mζ˜ ∈ [50, 105] keV, v ∈ [0.001, 0.3] c. (3.4)
We show the two best-fit points in FIG.1, which are favored over the background only
hypothesis by ∆χ2 = χ2b − χ2best = 14.116 and 14.102, respectively. In FIG.1, the recoil
energy spectra of the background model and best-fit signal predictions are shown, as well
as the observed counts. We can see that our interpretation can fit the XENON1T data
fairly well.
The dependence of signals on the input parameters are shown in Fig.2. Each curve of
Fig.2 corresponds to the variation of one parameter with other parameters fixed. We can
see from the figure that increasing the velocity and the mass of DM particle will increase
the incident kinetic energy while decreasing the value of F2 will increase the interaction
– 6 –
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Figure 1. The low-energy electron recoil spectrum of signal (purple dash-line) and sig-
nal+background (red line) for our best-fit point, compared to background model (gray line) and ob-
served data(black dot with error bar). The best-fit point is F2 = 1.9×109 keV2, mζ˜ = 2.2×103 keV
and v = 0.04 c with χ2best = 29.78(the left panel) and F2 = 2.2 × 1010 keV2, mζ˜ = 1.7 × 104 keV
and v = 0.02 c with χ2best = 29.80(the right panel), respectively.
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Figure 2. The dependence of signal prediction on the variation of parameters for best-fit point
F2 = 1.9 × 109 keV2, mζ˜ = 2.2 × 103 keV and v = 0.04 c (red line). The other colourful curve
corresponds to the variation of one parameter with other parameters fixed. "Another best-fit point"
(gray dash line) in this figure refers to F2 = 2.2× 1010 keV2, mζ˜ = 1.7× 104 keV and v = 0.02 c.
strength, all of which can increasing the signals. Meanwhile, tuning them simultaneously
can obtain similar electron recoil spectrum to the best-fit point.
Furthermore, we present the preferred parameter regions in FIG.3. To explain the
XENON1T excess, the DM velocity v should decrease with increasing mζ˜ , as depicted in
the left panel of FIG.3. Larger value of mζ˜ in general needs smaller DM velocity. The
smallest DM velocity needed is about 0.003c, which is still a bit larger than the escape
velocity of DM 0.0015 < vesc < 0.002 from the Milky Way. So, the boost from heavier
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Figure 3. The preferred parameters on mζ˜ versus v plane (left) and mζ˜ versus F2 plane (right).
In the left panel, the points preferred within 1σ and 2σ confidence level are colored green and
orange, respectively. The points within 2σ confidence level are shown in the right panel with colors
indicating the velocity v.
goldstini decay is necessary to interpret the excess.
The right panel of FIG.3 shows that F2 should increases with increasing mζ˜ . As a
result, we find F2 > 1.0 × 108keV2 for mζ˜ > 40keV. It is also interesting to note that, in
order to explain the XENON1T excess with fixed mζ˜ , increasing the DM speed needs to
increasing the value of F2, which corresponds to a decreased interaction strength.
4 Conclusion
In the scenario with a multiplicity of sectors which independently break supersymmetry,
multiplicity of goldstini are predicted. We propose a new interpretation of the electron recoil
excess at 2-7 keV observed in the XENON1T experiment with very long-lived goldstini DM
elastically scattering off the electrons. The goldstini DM can be boosted by the late-decay
of the other nearly degenerate (long-lived) goldstini DM, with their tiny mass difference
being converted into kinetic energy of the lighter goldstini DM and neutrinos. It is also
possible for inelastic scattering of goldstini DM off an electron, in which the goldstini can
convert into gravitino DM. This process and the gravitino elastic scattering process are
both highly suppressed in compare with the elastic scattering process of light goldstini. We
show that viable parameter space can be found which can explain the excess of electron
recoil events around 2-3 keV recently reported by the XENON1T experiment.
We should note that for light goldstini of order several keV, it is also possible to explain
the excess by the transition magnetic momentum of goldstini-gravitino. We will discuss such
a possibility in our subsequent studies.
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